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 NEA Accessibility Sensitivity Results       
 Injection Window and Opportunity
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lik l b li hi i h l f li h
 Large asteroids (~100 m or larger) tend to 
rotate more slowly and have a high 
probability of being rubble piles
e y to  e mono t c w t   ess sur ace rego t
Near‐Earth Asteroids (NEAs) are the red dots (●) in the figure below
         
comprised of a variety of particle sizes




















 Attaching to a micro‐gravity bound rubble pile may pose significant operational
 Larger NEAs are desired to maximize the 
diversity of surface terrains/compositions for 





b t ti ll lithi d ith l i )su s an a y mono c, an  w  a s ow sp n  
could be enabling for human exploration
 NEA size estimates are based on observed 













generated on JPL HORIZONS     
 Opened up the search parameters to explore the problem and look for 
new possible targets
• Departure epochs: 2015 2040    ‐
• Earth Departure C3 ≤ 60 km/s
• Total Velocity Change: ΔVTotal ≤ 12 km/s
• Stay Time ≥ 8 days
Delta‐V Plots
       
• Total Flight Time ≤ 450 days
• Earth Entry Speed VEI limit ≤ 12.0 km/s
 Trajectories meeting above criteria     
• 79,153,947 unique trajectories 
• 765 of the 7655 NEAs
B t t ll f th 765 ld b id d “ ibl ” f ti
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Regions of short mission duration         
but high delta‐v (mass)
Contours of constant delta-v (km/s)
Split of transit and stay times vary
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contained herein should be used for comparative             
assessments only
• That is, understanding the relative trends of one approach versus 






d i h l h k i d l
7 April, 2011B. Drake/Asteroids/2011 Scan/v8 19






































































• SEV Mass All Ch i lM d li S iti it
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Mars mission
 For this assessment, NEA mission 

















NEA Chem Scan           
just shy of the crew portion of Mars 
DRA 5.0*

























* Note:  If short stay (opposition class orbital missions are desired for Mars orbital or 
surface missions, the total number of required launches will increase significantly.












































































≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
3
2625
≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
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Maximum Round‐Trip Time of Flight (days)







































































































≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
7 April, 2011B. Drake/Asteroids/2011 Scan/v8 24
         
Maximum Round‐Trip Time of Flight (days)






































































































≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
HH
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Maximum Round‐Trip Time of Flight (days)









































































≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
Maximum Round‐Trip Time of Flight (days)


























































































≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
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Maximum Round‐Trip Time of Flight (days)








































































• ore  s  or same mass
• Less complex

















≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
H
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Maximum Round‐Trip Time of Flight (days)


























































































































≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
Maximum Round‐Trip Time of Flight (days)
≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
Maximum Round‐Trip Time of Flight (days)
≤ 90 ≤ 180 ≤ 270 ≤ 360 ≤ 450
Maximum Round‐Trip Time of Flight (days)
7 April, 2011B. Drake/Asteroids/2011 Scan/v8 29






















































































































































































Chem‐12.0  450 3 2000SG344  3 1664 1,158,676 24.79 21 ‐ 66 ‐ 3* 10/2000 5/2028 3/2026
Chem‐12.0  450 3 2006BZ147  3 440 68,513 25.44 15 ‐ 49 ‐ 3 9/2007 1/2035 1/2034
h / / /C em‐12.0  450 3 2010UJ  2 568 47,500 26.19 11 ‐ 34 ‐ 9 10 2010 9 2021 7 2032
Chem‐12.0  450 3 2010JK1  6 464 21,216 24.42 25 ‐ 78 ‐ 5 3/2011 5/2011 3/2032
Chem‐12.0  450 3 2009HC  3 264 19,759 24.77 21 ‐ 66 ‐ 4 6/2009 8/2025 10/2025
Chem‐12.0  450 3 2007YF  3 200 5,550 24.77 21 ‐ 66 ‐ 5 1/2008 1/2022 11/2033
Chem‐12.0  450 3 1999CG9  3 168 4,150 25.24 17 ‐ 53 ‐ 6 3/1999 4/2011 2/2033
Chem‐12.0  450 3 2006HE2  3 112 2,498 26.51 9 ‐ 30 ‐ 5 4/2006 4/2017 1/2028
Chem‐12.0  450 3 2011AU4  2 88 1,650 25.85 13 ‐ 40 ‐ 6 1/2011 6/2031 1/2031
Chem‐12.0  450 3 2007UY1  1 80 1,254 22.88 50 ‐ 158 ‐ 2 1/2009 10/2019 8/2032
Chem‐12.0  450 3 2006FH36  2 104 1,111 22.92 49 ‐ 155 ‐ 3 6/2007 4/2019 2/2034
Chem‐12.0  450 3 2005QP11  2 56 1,086 26.43 10 ‐ 31 ‐ 3 9/2005 5/2029 3/2029
Chem‐12.0  450 3 2001CQ36  3 64 1,018 22.70 54 ‐ 171 ‐ 1 3/2011 3/2011 1/2031
Chem‐12.0  450 3 2011AA37  2 56 569 22.78 52 ‐ 165 ‐ 5 3/2011 3/2011 6/2026
Chem‐12.0  450 3 2001QJ142  1 64 504 23.42 39 ‐ 123 ‐ 6 9/2001 1/2012 10/2035
Chem‐12.0  450 3 1999AO10  2 96 420 23.86 32 ‐ 101 ‐ 6 2/1999 12/2018 9/2025
Chem‐12.0  450 3 2009CV  1 32 409 24.26 26 ‐ 84 ‐ 3 9/2009 11/2015 2/2029
Chem‐12.0  450 3 2007WA  3 48 369 24.71 22 ‐ 68 ‐ 6 11/2007 9/2027 11/2027
Chem‐12.0  450 3 2009YF  2 40 342 24.69 22 ‐ 69 ‐ 7 1/2010 1/2020 11/2027
Chem‐12.0  450 3 2004MN4  2 48 323 19.70 270 ‐ 270 30.40  0 1/2008 1/2012 5/2028
Chem‐12.0  450 3 2009TP  2 56 284 23.54 37 ‐ 117 ‐ 6 10/2009 5/2011 8/2032
Chem‐12.0  450 3 2009BF2  1 24 232 25.90 12 ‐ 39 0.02  6 2/2009 7/2019 1/2031
Chem‐12.0  450 3 2010HA  1 24 172 23.99 30 ‐ 95 ‐ 4 5/2010 5/2011 9/2026
Chem‐12.0  450 3 2005CD69  1 24 136 24.11 28 ‐ 89 ‐ 7 2/2005 8/2014 2/2030
Chem‐12.0  450 3 2001BA16  1 16 100 25.83 13 ‐ 41 ‐ 5 2/2001 2/2022 1/2032
Chem‐12.0  450 3 2006BJ55  1 8 85 24.21 27 ‐ 85 ‐ 6 2/2006 1/2030 1/2030
Chem‐12.0  450 3 2004VJ1  2 40 72 24.28 26 ‐ 83 ‐ 6 12/2004 9/2015 5/2025
Chem‐12.0  450 3 2004JN1  1 24 64 23.46 38 ‐ 121 ‐ 6 6/2004 10/2011 6/2029
Chem‐12.0  450 3 2009WC106  1 16 63 25.47 15 ‐ 48 ‐ 8 11/2009 4/2028 5/2027
Chem‐12.0  450 3 2003RU11  1 32 57 25.60 14 ‐ 45 ‐ 3 9/2003 8/2034 10/2033
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* Update pending
Chem‐12.0  450 3 2003LN6  1 56 8 24.46 24 ‐ 76 ‐ 5 6/2003 5/2022 8/2025
Chem‐12.0  450 3 1993HD  1 16 4 25.63 14 ‐ 44 ‐ 9 4/1993 10/2011 12/2029


























Chem‐12.0  360 3 2000SG344  2 1320 398,277 24.79 21 ‐ 66 ‐ 3* 10/2000 5/2028 9/2028
Chem‐12.0  360 3 2006BZ147  3 184 14,595 25.44 15 ‐ 49 ‐ 3 9/2007 1/2035 3/2034
h / / /C em‐12.0  360 3 2010UJ  3 312 13,201 26.19 11 ‐ 34 ‐ 9 10 2010 9 2021 8 2032
Chem‐12.0  360 3 2009HC  3 160 7,671 24.77 21 ‐ 66 ‐ 4 6/2009 8/2025 10/2025
Chem‐12.0  360 3 2007YF  3 96 3,110 24.77 21 ‐ 66 ‐ 5 1/2008 1/2022 12/2033
Chem‐12.0  360 3 2010JK1  4 152 1,884 24.42 25 ‐ 78 ‐ 5 3/2011 5/2011 5/2033
Chem‐12.0  360 3 2006HE2  2 72 1,849 26.51 9 ‐ 30 ‐ 5 4/2006 4/2017 11/2028
Chem‐12.0  360 3 1999CG9  3 128 1,154 25.24 17 ‐ 53 ‐ 6 3/1999 4/2011 2/2033
Chem‐12.0  360 3 2001CQ36  2 56 946 22.70 54 ‐ 171 ‐ 1 3/2011 3/2011 1/2031
Chem‐12.0  360 3 2011AU4  2 56 862 25.85 13 ‐ 40 ‐ 6 1/2011 6/2031 1/2031
Chem‐12.0  360 3 2006FH36  2 40 803 22.92 49 ‐ 155 ‐ 3 6/2007 4/2019 3/2034
Chem‐12.0  360 3 2009CV  1 32 409 24.26 26 ‐ 84 ‐ 3 9/2009 11/2015 2/2029
Chem‐12.0  360 3 2007UY1  1 32 358 22.88 50 ‐ 158 ‐ 2 1/2009 10/2019 9/2032
Chem‐12.0  360 3 2004MN4  2 40 315 19.70 270 ‐ 270 30.40  0 1/2008 1/2012 5/2028
Chem‐12.0  360 3 2001QJ142  1 40 279 23.42 39 ‐ 123 ‐ 6 9/2001 1/2012 10/2035
Chem‐12.0  360 3 2010HA  1 24 172 23.99 30 ‐ 95 ‐ 4 5/2010 5/2011 9/2026
Chem‐12.0  360 3 2009BF2  1 16 161 25.90 12 ‐ 39 0.02  6 2/2009 7/2019 2/2031
Chem‐12.0  360 3 2011AA37  2 48 151 22.78 52 ‐ 165 ‐ 5 3/2011 3/2011 7/2026
Chem‐12.0  360 3 2005CD69  1 24 131 24.11 28 ‐ 89 ‐ 7 2/2005 8/2014 2/2030
Chem‐12.0  360 3 2005QP11  1 16 114 26.43 10 ‐ 31 ‐ 3 9/2005 5/2029 3/2029
Chem‐12.0  360 3 2007WA  3 32 101 24.71 22 ‐ 68 ‐ 6 11/2007 9/2027 11/2027
Chem‐12.0  360 3 2009TP  1 16 101 23.54 37 ‐ 117 ‐ 6 10/2009 5/2011 5/2035
Chem‐12.0  360 3 2001BA16  1 16 93 25.83 13 ‐ 41 ‐ 5 2/2001 2/2022 1/2032
Chem‐12.0  360 3 1999AO10  1 56 74 23.86 32 ‐ 101 ‐ 6 2/1999 12/2018 9/2025
Chem‐12.0  360 3 2009YF  1 24 72 24.69 22 ‐ 69 ‐ 7 1/2010 1/2020 11/2028
Chem‐12.0  360 3 2009WC106  1 16 63 25.47 15 ‐ 48 ‐ 8 11/2009 4/2028 5/2027
Chem‐12.0  360 3 2004JN1  1 24 59 23.46 38 ‐ 121 ‐ 6 6/2004 10/2011 6/2029
Chem‐12.0  360 3 2003RU11  1 32 57 25.60 14 ‐ 45 ‐ 3 9/2003 8/2034 10/2033
Chem‐12.0  360 3 2003LN6  1 56 8 24.46 24 ‐ 76 ‐ 5 6/2003 5/2022 8/2025
Chem‐12.0  360 3 1993HD  1 16 4 25.63 14 ‐ 44 ‐ 9 4/1993 10/2011 12/2029
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* Update pending



























Chem‐12.0  270 3 2000SG344  1 968 83,922 24.79 21 ‐ 66 ‐ 3* 10/2000 5/2028 11/2028
Chem‐12.0  270 3 2010UJ  1 192 3,499 26.19 11 ‐ 34 ‐ 9 10/2010 9/2021 7/2033
Chem‐12.0  270 3 2007YF  1 24 367 24.77 21 ‐ 66 ‐ 5 1/2008 1/2022 11/2034
Chem‐12.0  270 3 1999CG9  1 40 201 25.24 17 ‐ 53 ‐ 6 3/1999 4/2011 8/2033
Chem‐12.0  270 3 2009CV  1 24 182 24.26 26 ‐ 84 ‐ 3 9/2009 11/2015 2/2029
Chem‐12.0  270 3 1999AO10  1 56 74 23.86 32 ‐ 101 ‐ 6 2/1999 12/2018 9/2025
Chem‐12.0  270 3 2009YF  1 24 72 24.69 22 ‐ 69 ‐ 7 1/2010 1/2020 11/2028
Chem‐12 0 270 3 2006BZ147 1 48 41 25 44 15 ‐ 49 ‐ 3 9/2007 1/2035 11/2035
TOF ≤ 180 Days (5 NEAs)
.     .  
Chem‐12.0  270 3 2010JK1  1 8 7 24.42 25 ‐ 78 ‐ 5 3/2011 5/2011 6/2034




T j i H Size Range  Rotation  OCC Last  Next  Next Mission 
* Update pending
ase  < (days) Launches < stero   ame  Windows n ow Days
ra ector es 
in Windows
mag (m) Period (Hr) Observed Observation Opportunity
Chem‐12.0  180 3 2000SG344  2 480 10,366 24.79 21 ‐ 66 ‐ 3* 10/2000 5/2028 2/2028
Chem‐12.0  180 3 2010UJ  2 128 711 26.19 11 ‐ 34 ‐ 9 10/2010 9/2021 5/2033
Chem‐12.0  180 3 1999CG9  1 40 101 25.24 17 ‐ 53 ‐ 6 3/1999 4/2011 8/2033
Chem‐12.0  180 3 1999AO10  1 48 59 23.86 32 ‐ 101 ‐ 6 2/1999 12/2018 9/2025










































JSC ‐ 2 Launch LaRC ‐ 200 t JSC ‐ 3 Launch LaRC ‐ 300 t JSC ‐ 4 Launch LaRC ‐ 400 t JSC ‐ 5 Launch
TOF <= 90 Days 0 0 1 0 2 1 5
TOF <= 180 days 1 1 6 4 15 11 23
TOF <= 270 days 1 1 10 9 23 22 48
TOF 360 d 4 3 32 28 64 57 103
 Results of estimation tools compared well and trends were consistent
• Differences in the targets results are due to differences in the algorithms, mass
 <=    ays
TOF <= 450 days 5 4 34 32 70 73 108




All t t ith l ti b l IMLEO th h ld i l d d i t ( i l
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 Over 50% of the NHATS trajectories result in Earth entry speeds in excess of 12.0 km/s                             
 Quick look assessment performed to determine the 
sensitivity to various Earth entry speed limits (12.5 









































































































































































Contours of constant mass (t)Contours of constant mass (t)






All Chemical Propulsion ≤ 5 launches All Nuclear Thermal Propulsion ≤ 3 launches
Contours of constant mass (t)Contours of constant mass (t)





All Chemical Propulsion ≤ 5 launches All Nuclear Thermal Propulsion ≤ 3 launches
Contours of constant mass (t)Contours of constant mass (t)





All Chemical Propulsion ≤ 5 launches All Nuclear Thermal Propulsion ≤ 3 launches
Contours of constant mass (t)Contours of constant mass (t)





All Chemical Propulsion ≤ 5 launches All Nuclear Thermal Propulsion ≤ 3 launches
Contours of constant mass (t)Contours of constant mass (t)
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able to given limitations in signal‐to‐noise and viewing geometries (i e NEA not observable during
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CTV Crew Transfer Vehicle
L1 Libration Point 1 (Earth‐Moon System)
LaRC Langley Research Center



























pace  aunc   ys em  a a  eavy 
SM Service Module
t Metric Tons
TNI Trans‐NEA Injection
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